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Abstract 
This paper investigates the correlation between welding parameters and bead geometry of 3F fillet joint welded by 
GMAW in downhill position. The consumable is ER70S-6 1.2mm solid wire and shielded by Carbon Dioxide. 
Articulated welding robot performs the welding of 6mm carbon steel T-joint coupons. The welding parameters are 
arc voltage, welding current and welding speed, while the wire extension is set at constant at 13mm. Only quality 
welded coupons are selected, they are macro-etched to inspect the quality and measure the bead geometry. The 
experimental results are tabulated; the correlations between the bead geometry and welding parameter are displayed 
graphically. Mathematical formulas are developed to match the graphical profiles. A calculator is developed to 
display the values of weld bead geometry for any value of welding parameter and vice versa. The deviation between 
predicted weld bead geometry and actual experimental record is less than 1.0mm, it is validated as accurate.  
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the 
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1. Introduction 
The development of Robotic Gas Metal Arc Welding (GMAW) has improved the welding productivity 
and production mechanization. GMAW has high deposition efficiency, and low operation cost [8 and 9]. 
The robotic GMAW is a popular process employed for automotive manufacturing.[1]. In Japan GMAW 
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applications have exceeded the application of SMAW, GTAW and SAW, even among the small scale and 
supporting industries. 
 
To obtain quality welding bead, researchers have developed various types of software and analysis 
tools to generate the optimal welding output. The performance of weld can be predicted by Neuro-Fuzzy, 
Neural Network methods [2], Multiple Regression and Neural Network Algorithm by I.S.Kim et. The 
Mathematical models had been proposed by Genetic Algorithm [3], Factorial Design method [4], Multiple 
Regression and Taguchi [5] and Control Random Search (CRS) [6], display the optimal welding 
conditions and bead geometry [7]. One common feature among the researchers is that their analysis tools 
are costly; the welding industries generally do not use them in production. It is a necessity to develop a 
tool that displays accurate and validated results that will not increase the cost of production. 
 
To achieve the above objective, the following research tasks have been executed. 1) Record the 3F 
downhill weld bead geometry for GMAW welded by a range of welding parameters; 2) Determine the 
correlation between welding parameter and weld bead geometry. 3) Develop the mathematical formulas 
and predicting calculator that displays the values of bead geometry for any given welding parameter and 
vice versa. 
2. Experimental Method 
2.1 Classification and tabulation of welding parameters  
The range of selected welding parameters is as shown in Table 1. There are 125 coupons displaying 
the range of weld performance and quality when welded with the given parameters. 
 
Table 1. Welding Parameters 
 
Parameters Units Range 
Weld Current  amps 100 ~ 250 
Arc Voltage volts 18 ~ 30 
Weld Speed cm/min 15 ~ 72 
Wire Extension  mm 13 
2.2 The Preparation of welding coupons 
From the jig in Fig. 1(a), T-joint coupon is prepared from a pair of 6mm thick carbon steel plates, so 
that the included angle is 90 deg and welding length be 100mm. The coupon is welded on jig as shown in 
Fig 1(b). by an articulated robotic arc welder (OTC DAIHEN, DP-400 P30026 model). The welding 
position is 3F downhill. The consumables are 1.2mm ER70S-6 wire shielded by 15l/min CO2 gas. Its 
welding gun is inclined at 45 degree from the plate and 15 degree from horizon, pointing upward as 
shown in Fig 1(b). All coupons are inspected, but only coupons with acceptable weld quality are 
measured and analyzed. 
 
The coupons are cut to 40mm length for macro etching test as shown in Fig. 2. The dimension of the 
weld bead geometry is measured by Digital Vernier Caliper. The welding parameter and bead size data 
are displayed for easy reference. 
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                                    (a)                                                                                          (b) 
Fig. 1: (a) Jig for tack welding of T-joint; (b) Jig for downhill welding position 
2.3 Mathematical equations developed to match the profile of graph 
The mathematical formulas that match the profile of graphs that display the correlation between 
welding heat input and weld bead geometry can be presented as a power function, where A and n are 
constant values, and x represents the Heat Input values. 
 
p(x) = Axn (1) 
 
Fig. 2: Samples of macro section of 3F fillet bead geometry 
2.4 Developing the calculator to predict Fillet Bead Geometry and Welding Parameter 
After the constants have been determined, the trend-line graphs which also match closely the 
experimental graphs, will represent the correlation between welding heat input and weld bead geometry. 
The mathematical formula of the trend-lines is used to create the calculator as shown Fig.7. By placing 
any value of Welding Parameter, the calculator will display immediately the predicted bead geometry and 
for any value of Fillet Leg Length, it will display the predicted welding parameter, provided that they are 
within the permitted range identified in Fig. 3.  
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3. Result and discussion 
Out of 125 coupons, 80 pieces are acceptable according to the quality requirement of AWS D1.1 (a 
code of practice for structural welding published by American Welding Society). For good weldability, 
the welding in downhill should be performed within the range of parameter as identified in Fig 3. 
Welding at parameter outside the range may result in defective quality. 
3.1 Predicting the Fillet Bead Geometry for a selected Welding Parameter 
The heat input is influenced by welding parameter; it is proportional to current and voltage, but 
inversely proportional to the welding speed. The Leg Length, Bead Width and Weld Throat of a T-fillet 
joint can be predicted by quoting the Welding Parameter.  Fig. 4 shows the correlation between Fillet 
Bead Geometry with Heat Input. Given any Welding Parameter within the range allowed, it can be 
translated to Heat Input value; the predicted Fillet Bead Geometry can be read from the graph. By 
introducing the respective trend-line formulae into The Weld Bead Geometry Predictor in Fig. 7(a), it can 
display the Fillet Geometry digitally.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: The range of arc voltage, welding current and welding speed for 3F GMAW downhill position 
 
   
                                                                                                                                                                       
Fig. 4: The correlation between Fillet Bead Geometry and Heat Input (3F GMAW downhill position) 
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3.2 Predicting Welding Parameter for any Fillet Leg Size 
By reversing the axis of Fig. 4, Fig. 5 enables the prediction of Welding Heat Input for any Fillet Leg 
Size, one of the popular Fillet Bead Geometry. By inserting the matching trend-line equation for Leg Size 
into The Welding Parameter Advisor in Fig. 7(b), it will display digitally the Welding Parameter that may 
produce the desired fillet bead geometry. Fig. 6 shows the differences between the measured values and 
predicted values of the Fillet Geometry of a typical sample No. 188. 
 
 
 
 
Fig. 5: The correlation between Heat Input and Fillet Bead Geometry (3F GMAW downhill position) 
 
                
 
Fig. 6:   The differences between predicted values and actual welded sample No. 188 (GMAW 3Fposition) 
 
 
     
                                              (a)                                                                                          (b) 
Fig. 7:      (a) Example of Fillet Bead Geometry prediction for a given Welding Parameter (sample No. 188) 
                (b) Example of predicted Welding Parameter for a given fillet Leg Size (Sample No. 188) 
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Table 2:  The Deviation Distribution and Mean Absolute Deviation for 80 samples of Fillet Bead Geometry for 
GMAW 3F position 
 
       
 
4. Conclusions 
The accuracy of prediction on GMAW downhill T-Fillet Bead Geometry and Welding Parameter 
based on the value of Heat Input can be gauged by the Mean Absolute Deviation (MAD) or difference 
between predicted values and the experimental values. Table 2 shows that the MAD for 80 samples of 
fillet weld geometry is less than 1.0mm. This result validates the accuracy and reliability of the calculator 
to predict the fillet bead geometry and welding parameter for fillet welding in 3F position. Higher degree 
of deviations can be found among poor quality welded samples, such as weld with poor fusion or too 
concave profile.  
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